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With increasing level of urbanization, new buildings are erected in close proximity to existing buildings
or quite close to site boundaries. Such practice affects the complexity of retaining wall installation
technology. When a retaining wall is installed close to an existing building, a street or a steep slope, the
stability of the wall has to be ensured first. There are cases when a retaining wall has to be strengthened
by creating a permanent or temporary support, i.e. by installing ground anchors. According to literature
analysis, the major problem is that a profile stops without reaching its designed depth (Van Baars).
Merifield et al. distinguish three major types of anchors: circular, square and rectangular. They
emphasise that anchor surface unevenness does not impact anchor resistance. According to Nagar,
most frequently anchors disintegrate due to excessive tensile strength of the anchor. The increase of
this force is related to tensile strength measured in anchor testing. In this paper, three types of retaining
walls with ground anchors are considered: pile wall, Berlin Wall, and sheet piling with excavation
depth of 6 m. The conditions are selected as follow: when walls are installed in clay soils, sandy soils,
sandy soils at high groundwater levels, and when the wall is installed next to the building. Mechanical
resistance and stability of construction incline are calculated by means of GEO5 software. A survey was
designed basing on the calculation results and the selected evaluation criteria. In the survey geotechnical
engineers rated 18 different cases. The relevance of criteria is determined by employing the entropy
method after the primary results of the survey are summarised; afterwards a multiple criteria decision
analysis carried out using the utility function. The multi-criteria assessment results indicate the most
rational type of a retaining wall for the chosen conditions. This article is based on master thesis topic
“Research on Installation Technologies of Retaining Walls with Ground Anchors”.

Keywords: ground anchors, retaining wall, entropy method, multi-criteria assessment,survey research.

Ordinary retaining walls are seldom used nowadays. Increasing urban density levels lead to the
construction of new buildings next to the existing foundation or very close to the site boundaries.
Such trends of urban planning influence the complexity of retaining wall construction. When a
retaining wall is installed close to an existing building, a street or a steep slope, the stability of
the wall has to be ensured first. Supporting walls from the ground surface are erected to provide
the required stability. There are cases when a retaining wall has to be strengthened by creating a
permanent or temporary support, i.e. by installing ground anchors.

The selection of the retaining wall type and its strength depends on the existing geological condi-
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tions. It might be difficult to drive or hammer elements into hard or dense soils.

Sheet pile walls are most often used to retain the movement of water or soil. Sheet piling technol-
ogy is described in AARSLEFF 2016a. The capacity of the sheet pile to withstand different forces
depends not only on the soil into which the sheet pile is driven but also on the characteristics of the
element'’s cross-section. Sheet pile walls may have the length of 31 meter or even up to 33 meters
in the case of H-type walls(Katkevicius and Baublys 2008).

Byfield and Mawer (2004) argue that interlocked sheet piles form a solid wall. U-elements have
locks on the neutral axis, which corresponds with the maximum shear stress; therefore, the joints
must be welded to increase the wall's retaining strength. Welded joints increase the resistance to
the bending moment up to three times compared to the load bearing strength of a single element.
The locks are filled with various synthetic waterproofing materials to ensure the waterproofing
capacity of the retaining wall.

First of all, the behaviour of steel in different corrosive environments must be examined in order
to extend the service life of the wall with appropriately selected cross-section and required pro-
tective measures. In practice, two sides of the steel wall are often exposed to different media and
thus detailed studies are necessary to ensure the maximum protection (AMPH 2008).

Researcher R.W. investigated into the effect of ground water on the retaining wall in different cases:
at the same water level on both sides of the wall and at a lower water level on one side of the wall.

Different water levels and their effect on the retaining wall must be examined for marine struc-
tures. The part of the wall, which is closer to the sea bottom, is exposed to corrosion the least,
approx. 0.012 mm per year. No severe corrosion occurs in the permanent submersion level either,
where the wall is exposed to clean water with the surface of the water covered by a layer of ma-
rine flora. The most severe corrosion occurs in tide water conditions or on the surface water level
due to a frequent change of corrosive factors (KreiSmantas 2016).

Van Baars (2004) argues that in cases when sheet piles are driven by using vibratory technique, the
conditions of the soil must be carefully examined in order to select the vibratory hammer with ap-
propriate characteristics. Vibratory hammers can be used only for driving sheet piles in weak soils,
i.e. soft clays, silt or peat, also in sand permeated with water and hawing a low modulus of elasticity.
Different problems occur when sheet piling is installed by means of vibratory techniques. Van Baars
(2004) highlights a problem when the pile ceases penetrating the soil before the design depth is
reached. The article discusses three main equations, one taken from CUR, another from EAU, and
the third equation is proposed by the author basing on the Vibdrive modelling results. CUR are Dutch
compliance standards. This method lacks one very important factor, namely the ground conditions.

Supporting walls are complex and expensive structures and the engineers designing them must
have good knowledge in geotechnical engineering. Dedicated computer programmes are used to
design these structures. These computer programmes are usedto assess all conditions and select
the most rational alternative of the structure within the estimated cost of materials.

The required amount of reinforcing bars is one of the key characteristics. The amount of reinforc-
ing bars in retaining walls is usually big and even very big because the structure must bear the
ground load, big transverse loads and bending moment caused by other factors. However, the
poles of the retaining wall are affected only from one side. Therefore, the strain in the cross section
is always the same. It means that the strained and compressed zone does not change its posi-
tion. Reinforcement tendons are required to resist the tensile stress and there is no need to use
reinforcement tendons of big cross section on the side where it is not necessary. Reinforcement
tendon installation technology is described in AARSLEFF 2016.

Gil-Martin et al. (2010) review the optimisation of pile wall reinforcement. The authors argue that
the flexural strength of the pile's cross-section increases when the reinforcement of the tension
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zone is strengthened, and reinforcement of the compressed zone remains unchanged. This is
evidenced by iteration diagrams. The flexural strength of the cross-section increases significantly
when the number of reinforcement tendons is increased from 1 to 10.

The ground anchor is composed of pre-stressed steel tendon and injected cementitious mortar.
The anchor transfers the loads to the ground through the friction between the anchor and the
surrounding soil. The injected cementitious mortar provides the support to the tensioned steel
tendon. Merifiels et al (2003) distinguished three types of anchors: round, square and rectangular.
The authors note that the roughness of round, square and rectangular anchors has no significant
effect on anchor’s resistance.

The analysis of reasons for anchor damage reveals several major conditions leading to anchor dam-
age. According to Nagar (2010), the most common reason for anchor failure is the excessive tensile
force. The increase of this force is related to tensile strains applied in pre-tensioning. It is important
to test not only the maximum load that the anchor can bear but also the load that causes the crack-
ing of fine-grained concrete. Concrete cracking leads to the corrosion of the steel tendon.

Steel tendons in permanent anchors must be protected from corrosion by the coat of anti-cor-
rosive material, which must remain intact throughout the designed service life of the anchor.
Alternatively, anchor tendons may have two protective barriers. Resins can be used as one of the
permanent anti-corrosive barriers, provided they are intact, protected and not over-pressed. The
resin can be injected or coated in 5 mm layer during the pretensioning (LST EN 1537).

If the design provides that the load from retaining walls will be transferred to other structures, in-
stallation of permanent anchors is not required because the load will be transferred to constructed
floors. In such cases temporary anchors are installed and cut off after the floor is constructed. In
many cases such a solution saves retaining wall building costs (Konstantakos 2010).

The aim of this work is to evaluate the effect of existing geological soil conditions on retaining wall
installation technologies with temporary ground anchors.

Several variants of geological soil conditions of the were selected for the evaluation of retaining
walls with ground anchors. The first variant was sticky clay soil and the second variant was gran-
ular sandy soil with a high level of ground water. Geological cross-section diagrams were used for
the computation. Parameters of sticky clay soil and granular sandy soil are presented in Table 1, 2.

Parameters Pour.'ed Striped clay, Sand)./, clayey Sa.ndy, clayey
soil hard plastic moraine dust moraine dust, hard

Unit weight, kKN/m? 18.00 18.10 19.90 22.10
Stress-state effective effective effective effective
Angle of internal friction, © 25.00 11.00 24.00 35.00
Cohesion of soil, kPa 0.00 32.00 13.00 63.00
Angle of friction struc.-soil, © 17.00 7.00 16.00 17.00
Soil cohesionless cohesive cohesive cohesive
Poisson'’s ratio 0.35 0.35 0.35 0.35
Deformation modulus, MPa 5.00 9.00 18.00 325.00
Saturated unit weight, KN/m? 20.00 18.50 20.50 22.50
Pattern - :j, " {/

Marking in computation scheme 1) 2 3 5

Methods
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sticky clay soil
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Parameters Primer Gravel Gravel Fine sand Medium
soil sand sand 12 rough sand

Unit weight, kN/m? 18.00 19.10 19.30 17.00 17.20
Stress-state effective effective effective effective effective
Angle of internal friction, ° 25.00 41.00 44.00 43.00 42.00
Cohesion of soil, kPa 0.00 0.00 0.00 0.00 0.00
Angle of friction struc.-soil, 16.00 17.00 17.00 1700 17.00

°and compressed.

Soil cohesionless | cohesionless | cohesionless | cohesionless | cohesionless
Poisson'’s ratio 0.35 0.35 0.35 0.35 0.35
Deformation modulus, MPa 3.50 53.30 79.00 85.60 80.60
Saturated unit weight, KN/m? 20.00 21.00 21.00 19.00 19.00
Pattern P o © o R s B i
Marking in computation ! 2 3(5) 4(7) 68 )

scheme

Investigation conditions: retaining wall with temporary ground anchors driven to 6-meter depth
from the top, the load received from the existing building is 200 kN/m?, the foundation of the
existing building is 1 meter wide, the distance between the central axis of the foundation and the
retaining wall is 1.5 m. Wall footing was chosen as a foundation type for the research.

Temporary ground anchors are necessary to take over a huge tensile strength to supporting base
layers for a limited period of time (< 2 years). A temporary ground anchor consists of an injected
stem, a stringer with a free part and an anchor. External boring diameter of temporary ground an-
chors is 133 mm. Anchors are bored by a spiral drill in protective tubes with air blow. When a hole is
made cement mortar is poured, later a stringer is installed. Anchor stem is injected in the ground by
mortar which is pressed by high pressure through a distracted protective tube. In 12 hours a following
anchor injection is made. After 7 days, the anchor is tested and compressed. Anchors supporting
retaining constructions are
installed in the same level,
usually above water level.
If a designer has foreseen
to transfer the pressure of
4 retaining walls to other con-
\ //;,;//// structions, it means that per-

< manent anchors are not to be
installed as the pressure will
% T~ be transferred to entabla-
tures after their installation.
In such a case, temporary
ground anchors are installed

which are cut off after the en-
tablatures are installed. Such a decision allows to save costs on retaining wall installation (Fig. 1)

GEO 5 software was used for the tests. GEO 5 is an effective software package based on analytical
and finite element methods and developed for solving geotechnical problems. The obtained re-
sults were used in further tests.
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Fig.1 illustrates principal computation scheme of a retaining wall with temporary ground anchors.
Ground layers are marked by numbers according to the geological excavation report (Tables 1, 2).
The depth scale is given on the right. The load used in the computation (10 kN/m?) is presented as
distributed load on the top of the scheme. The load of the adjacent building (selected as 200 kN/m?)
borne by the retaining wall is added at the bottom of the foundation. The blue dotted line shows the
ground water level, which is different on both sides of the structure. It is the maximum level planned
for the service life of the structure. The length and height of the structure shows the maximum ex-
cavation depth. The triangle marking in the scheme shows the depth of the ground anchor (Fig. 3).

A survey was conducted according to the developed questionnaire based on specific conditions
and criteria used by the interviewees to evaluate each type of the retaining wall in points from 1
to 5. The questionnaire was given to the staff of the companies constructing retaining walls with
ground anchors in Lithuania: UAB Projektana, UAB Vilniaus Rentinys, UAB Geotechnikos grupé
[l and UAB Pamaty ranga. The following retaining wall construction principles were evaluated by
the questionnaire (Table 3).

Case 1 - Retaining walls with ground anchors in sandy soil with a high level of groundwater

Berlin Wall Steel grade S355 HEB 280 type profiles, length L=12 m Initial information
for interviewees

Piles with the diameter of @450 mm, length L=11 m, reinforced with
8018 mm S500 tendons along the entire length, concrete class C25/30

Sheet Piles Steel grade S355 Larsen VL503 tongue, L=10m

Case 2 - Retaining walls with ground anchors installed close to existing buildings in
sandy soil with a high level of groundwater

Berlin Wall Steel gradeS355 HEB 340 type profiles, length L=12 m

Piles with the diameter of @450 mm, length L=12 m, reinforced with

Pile Wall

Pile Wall 8020 mm S500 tendons along the entire length, concrete class C25/30

Sheet Piles Steel grade S355 Larsen VL606 tongue, L=12m

Case 3 - Retaining walls with ground anchors in sandy soil (without groundwater and a building in close proximity)

Berlin Wall Steel grade S355 HEB 240 type profiles, length L=10m

Pile Wall Piles with the diameter of @450 mm, length L=9 m, reinforced with 8018
mm S500 tendons along the entire length, concrete class C25/30

Sheet Piles Steel grade S355 Larsen VL503 tongue, L=8m

Case 4 - Retaining walls with ground anchors in sandy soil (without water) close to existing buildings)

Berlin Wall Steel grade S355 HEB 260 type profiles, length L=10 m

Pile Wall Piles with the diameter of @450 mm, length L=11 m, reinforced with
8025 mm S500 tendons along the entire length, concrete class C25/30

Sheet Piles Steel grade S355 Larsen VL503 tongue, L=9m

Case 5 - Retaining walls with ground anchors in clay soil

Berlin Wall Steel grade S355 HEB 220 type profiles, length L=8 m

Pile Wall Piles with the diameter of @450 mm, length L=8 m, reinforced with 8016
mm S500 tendons along the entire length, concrete class C25/30

Sheet Piles Steel grade S355 Larsen VL503 tongue, L=8m

Case 6 - Retaining walls with ground anchors in clay soil close to existing building
Berlin Wall Steel grade S355 HEB 300 type profiles, length L=9 m
Pile Wall Piles with the diameter of @450 mm, length L=9 m, reinforced with

8018 mm S500 tendons along the entire length, concrete class C25/30
Sheet Piles Steel grade S355 Larsen VL503 tongue, L=9m
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Each case was analysed with the selected types of retaining walls (options).The views of the se-
lected types of retaining walls are given in Figs 2 a-c.

The views of the
selected types of
retaining walls
(www.aarsleff.com.
pl/lt)

a) A1 - Berlin Wall b) A2 - pile wall c) A3 - sheet wall

The same types of wall installation and retaining wall options and criteria applied for their eval-
uation were also used with other evaluation techniques. The options of supporting walls were
evaluated in the questionnaire according to the following criteria:

K1 - labour cost, EUR/m, which means the cost of labour to install 1 meter of retaining wall.

K2 —machinery cost, EUR/m, which means the cost of machinery to install 1 meter of re-
taining wall.
K3 —material cost, EUR/m, which means the cost of materials to install 1 meter of retaining wall.
K4 - seasonality, scores, which means the influence of the season (spring, summer, au-
tumn, winter), for the selection of retaining wall option.
K5 - installation time, scores, which means the time required to install the selected type of
retaining wall.
Evaluation criteria: the values of labour cost, EUR/m; machinery cost, EUR/m; cost of materials,
EUR/m calculated using estimate computation programme. Seasonality in scores was evaluated
considering the possibility to install the wall in all seasons and the installation time in scores was
calculated considering the complexity of work.
The entropy technique was used to determine the weighting factor of evaluation theoretical and
integrated criteria’s. The selected values of criteria (K1-Kb) that describe the options of selected
types of retaining walls are presented in the initial Matrix A of alternative solutions (Table 4).

Criteria | K1, Labour cost, K2, Machinery K3, Material K4, Seasonali- = K5, Installation

View of initial Matrix Options EUR/m cost, EUR/m cost, EUR/m ty, scores time, scores
A of alt ti
of alternative Al
solutions
A2
A3
Total sum
Optimization

L MIN MIN MIN MAX MAX
direction
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The initial matrix A was normalised using equation (1):

P=—; (v, kaii=Lm; j=Ln)

y’

Normalization of initial Matrix A produces non-dimensional values (x; ).

Entropy order E; is determined for each criterion according to equation (2):

) - 1

Additional matrix (P; - InP)) is created to make the calculation easier.

The criteria change level dj is determined according to equation (3):
d, =1-E, kur(j=1n) 3

As all criteria are equally significant, theoretical weight of criteria is found using (4) equation:

p o)

The integrated weight of criteria is calculated using (5) equation:

. 4q -
G0=———"— (j=Ln)

(‘T/ o ) K

The criteria weighting factor results are presented in Table.

=1

~.

A multiple criteria decision analysis method was also applied to select the most rational option for
the erection of the retaining wall. To select the most rational option for the erection of the retaining
wall was created the initial Matrix B, which is presented in Table 5.

Criteria K1, K2, K3, Ka&, K5,
Options Labour cost, Machinery Material cost, Seasonality, Installation
EUR/m cost, EUR/m EUR/m scores time, scores
Al
A2
A3

Optimization direction MIN MIN MIN MAX MAX
Integrated significance, %

Theoretical significance, %

View of initial Matrix
B of alternative
solutions
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Afterwards, Matrix B was normalized. The reason for matrix normalization is that the data in initial
matrix B are expressed in different units of measurement and thus are not possible to compare.
Normalization of initial Matrix B produces non-dimensional values. Matrix B was normalized us-
ing (6) equation:

x . .
X, =——, i=Lm; j=1n;

ix 2 (©)
- i

here: x; — i - line and j - column of Matrix.

Following the normalization of Matrix B, a weighted normalized Matrix B'of alternative solutions
is created. To this end the normalized Matrix B is multiplied by the vector of criteria weight using
(7) equation:

B*=[B] - [q], ()

The ideal best condition a* (the best value) and the ideal worst condition a- (the worst value) are
found. Distances between the real option a, and the ideal best condition a*, as well as between the
real option a, and the ideal worst condition a- are computed using (8,9) equations:

, 1=1, m; j=1n; ®

L= 1)
j=1

L7i=Z|f;j_frj7|a lzl,m, j=15n; 9
j=1

The relative proximity of compared options to the ideal option is found, i.e. criterion K,, is calcu-
lated. Having the criterion K, ,value calculated, the priority rank of compared options is made. In
our case, the best option is the one that has the highest value of criterion K. In the last stage the
degree of utilityN, of compared options is calculated using (10) equation:

L =———— i=1,m; j=1,n;

bit L' +L J (10)
The most rational engineering option is the one with the highest value. Then the degree of utilityis
calculated according to equation 11 to compare the value of the analysed option with the value of
the ideal option.

N, :h'loo% a1
= — 0

bit.max

The rational engineering options are presented in Table.

Rational types of permanent retaining walls with ground anchors were calculatedusing the soft-
ware GEO 5, taking into consideration different grounds and adjacent buildings. The summary of
results leads to the conclusion that in terms of work complexity and costs, it is rational to install
retaining walls in clay grounds. In clay grounds lower movement of structures occurs and there
is no need to lower the ground water level. Smaller cross-section of the tendons is required to
retain the ground load compared to sand grounds. The consumption of cement and water mortar
is much higher in sandy grounds compared to the clay grounds.
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It can be assumed from the summary of survey results, which show the rational type of retain-
ing wall with ground anchors selected by the evaluators according to the given conditions and
evaluation criteria, that a pile wall is the rational solution for retaining walls with ground anchors
erected next to existing buildings, whereas in all other cases the steel sheet pile is the most ratio-
nal option. Adjacent buildings have a great influence on retaining wall installation, especially the
buildings with shallow foundations, because the load borne by the foundation at the retaining wall
is transferred to the structure. If the existing buildings have pile foundations, the load is usually
transferred to deeper ground layers and has less influence on the retaining wall.

All chosen cases from 1 to 6 were distinguished after criteria weights were determined using the en-
tropy technique. For example, one case is an existing building close to the retaining wall. In this case
the most significant theoretical criteria were seasonality and installation time, and the most signif-
icant integrated criterion was the installation time. The other one case is the retaining wall without
an existing building in the vicinity. In this case the most significant criterion, both theoretical and
integrated, is the cost of machinery. The criteria weighting factor results are presented in Table 6.

Evaluation of criteria K1, Labour K2, Machinery = K3, Material K4, K5, Installation
weight cost cost cost Seasonality time

Case 1 - Retaining walls with ground anchors in sandy soil with a high level of ground water
Theoretical 0.1482 05612 0.0374 0.1991 0.0541
Integrated 0.2281 0.5759 0.0384 0.1021 0.0556

Case 2 - Ret. walls with ground anchors installed close to existing buildings in sandy
soil with a high level of ground water

Theoretical 0.0672 0.2444 0.1069 0.2908 0.2908
Integrated 0.1135 0.2752 0.1204 01637 0.3273

Case 3 - Retaining walls with ground anchors in sandy soil (without ground water
and a building in close proximity)

Theoretical 0.1914 0.7150 0.0196 0.0147 0.0593
Integrated 0.2638 0.6570 0.0180 0.0068 0.0544
Case 4 - Retaining walls with ground anchors in sandy soil (without water) close to existing buildings)
Theoretical 0.0511 0.2272 0.0210 0.3503 0.3503
Integrated 0.0902 0.2671 0.0247 0.2060 0.4120
Case 5 - Retaining walls with ground anchors in clay soil
Theoretical 0.1614 0.6028 0.1359 0.0500 0.0500
Integrated 0.2293 0.5710 0.1287 0.0237 0.0473
Case 6 - Retaining walls with ground anchors in clay soil close to existing building
Theoretical 0.0701 0.2617 0.0455 0.3114 03114
Integrated 0.1195 0.2976 0.0518 0.1770 0.3541

A multiple criteria analysis of three options of retaining walls with ground anchors installed in
sandy ground with high ground water level and an existing building in close proximity revealed
that the best solution is Option 2. This option is a pile wall. The maximum value of the degrees
of utility (%) was obtained in this case. Piles with the diameter of @450 mm and length L=12 m,

Criteria priorities
for each alternative
solution using
entropy technique
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reinforced with 8920 mm tendons along the entire length should be used for the retaining wall.

Multiple criteria analysis of three options of retaining walls with ground anchors in clay ground
shows that Option 1 is the best design solution. It means that Berlin Wall is the best retaining wall
type for clay ground. HEB 220 type profiles with the length L=8 m should be used for the erection

of the retaining wall.

Computation scheme of Berlin wall (case 1)
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Fig. 3 illustrates the best rational solutions of retaining wall computation schemes. In Fig. 3 the
computation scheme of sheet wall was not given because in all investigated cases (Table 6) this
type of retaining wall was not a rational solution.

Alternatives
) Al A2 A3
Options

Case 1 - Retaining walls with ground anchors in sandy ground with a high level of ground water
Degree of utility options, % 100.0 7.2 89.2

Case 2 - Ret. walls with ground anchors installed close to existing buildings in sandy
ground with a high level of ground water

Degree of utility options, % 72.1 100.0 46.2

Case 3 - Retaining walls with ground anchors in sandy ground (without ground
water and a building in close proximity)

Degree of utility options, % 100.0 0.4 78.1
Case 4 - Retaining walls with ground anchors in sandy ground (without water) close to existing buildings)
Degree of utility options, % 48.9 100.0 34.1
Case 5 - Retaining walls with ground anchors in clay ground
Degree of utility options, % 100.0 9.1 73.0
Case 6 - Retaining walls with ground anchors in clay ground close to existing building

Degree of utility options, % 68.7 100.0 52.0

A multi-criteria evaluation by the method of efficiency value proved that Berlin wall is the most
rational version of a retaining wall if it is installed with ground anchors in sandy soil with a high
level of groundwater or without it and in clayey soil with no building in the vicinity. While installing
it, the cost of human labour is 2 times, and the cost of mechanism work is even five times lower
than the installation of a pile wall. However, a pile wall is the most rational version of a retaining
wall in sandy soil with a high level of groundwater or without it and in clayey soil with a building
nearby. Installation of a pile retaining wall needs 1.5 times less materials than a Berlin wall and it
is the most cost-effective option from the point of view of duration.

1. In accordance with the provided conditions and criteria in the questionnaire, the results of the
guestionnaire from the enterprises experienced in installing retaining walls with ground an-
chors indicate that a pile wall is appropriate to install next to existing buildings while in other
cases a Berlin wall should be constructed.

2. Evaluating criteria priorities by the method of entrophy it is clear when there is a building near
a retaining wall the most significant theoretical criteria are seasonal prevalence and installation
duration, the most important complex criterion is installation duration. Otherwise, when there
is no building next to the retaining wall, both theoretical and complex creteria are the operating
costs of the equipment.

3. The multi-criteria evaluation by the method of utility value found that a rational wall installation

version is a pile wall when it is installed adjacent to existing buildings. The Berlin wall is the
most rational version of retaining wall installation with no adjacent buildings

Degree of utility for each
alternative solution using
entropy technique

Conclusions
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